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This repor t  contains the LDI Mags Propert ies  Status  as  
of Ju ly  21, 1965 f o r  the Limar Landed Vehlcle. 
weight a t  Separation i s  32,655 p~i;lds,  which is 1,359 pur,ds 
heavier than t h a t  previously reported i n  LE3-493-22, dated 
1 Ju ly  1965. 

The t o t a l  

A summary of changes since the  l as t  repor t  i s  as follows: 

A. 
B. Ascent Stage propel la r t  
C. 
D. Descent Stage propel lent  

Ascent Stage i n e r t  * weight 

Descent Stage iner t  * weight 

+238# 
+154# 
+228# 
+739 

Total  LEN Weight Change a t  Separation +135# 

A more de ta i l ed  breakdown of the  changes s ince the  las t  
repor t  is included on page 15. 

In  addi t ion  t h i s  report  is  a l so  in tended , to  provide some 
c l a r i f i c a t i o n  of t he  LEM current weight s t a tus ,  i t s  problems 
and t o  propose a so lu t ion  t o  the  LEM weight growth problem. 
In t h i s  regard t h l s  repor t  departs frm the  previous report 
content . 

A s  sircn t h i s  report def i les :  

1. The Current Weight Stat-da. 
2. Current Weight Status uncer ta in t ies .  
3. C%.rrent Weight Class i f ica t ion  (estimated, . 

layout,  calculated,  act;;al and GFE) . 
4. Project ion of Growth Tresds and predict ion 

of Weight Growth. 
5 .  Weight Reduction Plan. 

A. Change i n  Reported Weight Fortriat arfi In ten t  

Several recent  discussions with ASP0 has indicated 
t h a t  a considerable amount o f  conf'usion e x i s t s  regarding 
the  data contained i n  the LE51 Mosthly Mass Property 
Report and the  basic in ten t  of t he  coctainecl data. There 
have been many misinterpretat ions of the repor t  format. 
Reports submitted up t o  August included component weights 
which were r e l a t i v e l y  well defined. Changes which were 
not wel l  defined and/or not evaluated a t  the t i m e  of 
r epor t  submit ta l  were included i n  the  Pending Change 
Section of the  repor t  b u t  not i n c h d e d  i n  the  reported 
LEM Current Weight. 

* I n e r t  weight includes a l l  non-propulsioc expe9dables. 

REPORT LED-490-23 
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CAGE 2 

I 

A. Change i n  Reported Weight Format a d  Inte-t - Co;it. 

This approach had been d i s c s s e d  axd agr5e-l t o  bc+,vezn 
MSC Weight Control Branch arid GAEC Mass Prcpeyty Control 
Group. 

Recent events req:ir?d a aiffer-.::t, fcrxat of weight 
data. The f o n a t  reqdirec? i s  ore  Thick? v w d d  d e f k e  Ute 
LEM weight, if every area was ccxsi6ered froze2 with no 
opportuxity t o  implerpent weigIzt, r e d v c t i m  or inprc;verr?ent 
ideas. Because of t h i s  differcr?tt :Isage of ;EM weight 
data, the following approach w i l l  be used f o r  t k i s  and 
subsequent Z N  Mass F r c p c t y  Re3orts : 

1. Inc3_vile the l a t e s t  cornpor-ext da%a p r i c r  t o  
revicw and eval-,:atlon. Review azd evaluatiozi 
t o  redccz the weigh5 charge w i l l  c c c u  saicse- 
quent tc. rep,rtigg the  data i n  the  LZM current 
s ta txs .  
implerne-ted pr ior  t o  the  m x t  repor t  submittal  
car  be handled as before. I t e m  which have not  
been reviewed, w i i l  be incorporated i n  tke repor t  
with some discussion of when tke  review ar,d eval-  
uat ioa w l l i  be conpleted. In  each case, ac t ion  
items w i l l  be es tabl ished o z l y  after revlew and 
evaluat iono  

Items which caz 5e reviewed with changes 

'Lhe main Impact of t . h h  change ir, data haxl l ing i s  t o  
_lY ;iAcGrprste the items ~&Tcli ';i;a~ie 5ee:ll prexji~)~&)- ; isted 85 
nona;7n x.,a-:crh+, ni.3,r.crclr 4 -  p , . r ~  - 7 1  --+-q.--- -----+-A ---:--LL- o-. - - - U - - ~ - L , *  -3- w _ _  ULLLUUL A C ~ V A  bz:u W C L & L L L J ~ >  0 .I-*- 
-i_.__i- 

except one, and the present thermal/meteoroid shielding 
configuraticn ha-re been incorporated i n  t h i s  report;. 
exception i s  the Hamilton Staidard reported weights f o r  me 
ECS. These have been reduced 29 pOlJEdS, frcm t h e i r  Last 
reported weight, based on a review of  the ARS Scpport 
Structure  and Packaging. 
machicing and packagigg provides t'ce weight re+:.cticn t o  
t h e i r  reported weight. 

The 

Re-vlsi.0-r of the support s t m c t u r e  

The LEM current  weight s t a tus  is i n c h d e d  011 pages 7 
th ru  21, and weight c l a s s i f i c a t i c n  f: shGwn 02 page 10. 
This s e c t i o ~ i  also inclitdes a cmparisofi of Ascmt TYcpeilao-c 
requirements for a normal Z m a r  La~~ick:  and f o r  the c r i t i c a l  
abort ,  on page 6. 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
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B. LEM Weight Growth - Past and Future 

The LElM weight has had a h i s t o r y  of r ap id  growth. 
This growth is  shown on figure 2. r4a::y reasons e x i s t  
as  t o  i t s  high r a t e  of gro-wtll (i.e. poor estimates,  
many changes i n  requirements, r e s i z k g ,  e tc . )  bz t  the 
f a c t  remains t h a t  a high rate of growth does and has 
existed.  The 1 A c g w t  5tatv.s i s  at the Maximm Coi t ro l  
Weight and is a l so  a t  the maximm capab i l i t y  of t he  
Descent propulsion system (tarks, engine, et:.). 
da ta  plus  s tane  and sLbsystem growth t rends appear 
on f igures  2 through 4. On f i g x e  2, 
two predictic-s have bees made, one based on the  pas t  
growth r a t e ,  an3 the  other based on the  MSC predictioq, 
of 6% growtk il? descerit s tage  a23 11% growth ii the  
ascer,f, stage. Pie predict ions taken out  t o  LEM 4 
l a m c h  result iri a LE24 Separation Weight of 39,000 Lbg., 
based on pas t  growth and 35,600 Lbs. based on the 
6 and 11% growth ra tes .  

mis 

In addi t ion,  a slm-ary of weight unce r t a in t i e s  t o  
the  1 August weight has been compiled by l i s t i n g  speci-  
f i c  items which could increase o r  decrease the  August 
weight. This l i s t i n g  i s  i c c h d e d  on pages 27 thru 30 
and these points  are shcJwo on figxre 2 as minimun,/maxi- 
mium weights for 1 A ~ g x s t .  The minimum veight  shovn is  
30, 959 ani  the rrmxirnim I> 35,229 p(.~:z(?s at., Se-paratior:. 
3:c sig:LlfL:arze of t',-22c p k t z  I s  CYtzt: 

(1) The possible  ixreases  are higher than the  
poss ib l e  decreases. 

Past  experiecce ind ica tes  t h a t  a higher prob- 
a b i l i t y  o f  implementation ex is t s  f o r  possible  
iccreases,  than possible  decreases. 

(2) 

(3) The t o t a l  range of weight uncertainty,  associa- 
t ed  with the  minimm-rnaxim7un wei.ghts, i s  large.  

C. Weight Reduction Plan 

I n  view of the  prcblem indicated by the  current  
weight s t a tus ,  t he  predicted weight growth trends,  t he  
welght uncer ta in t ies  and the  inadeqxate e f fec t iveness  
of t he  previous LEM weight, con?xol program, Gmxnan i s  
embarking on a more s t r ingent  weight cont ro l  program 
which has been t i t l e d  - the Super Weight Improvemer,t 
Program, or SWIF. This progran was  used e f f e c t i v e l y  
by Grurrxnan, General Dynamlcs a rd  the  Mi l i t a ry  on the 
FlllB a i r c r a f t  program. This SWIP Program and i ts  
pas t  e f fec t iveness  on the FlllB was presented a t  t he  
August 3 LEN Management Review Meeting and the  materia 
p r e s e n b d  is  included on Panes ?? t h ru  15. 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
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C. Weight Reduction Plan- Cont. 

This program w i l l  require extensive e f f o r t  by a l l  the  
LEM management groups, i n c h d i n g  NASA, Grmman, 
Associate Contractors, and Grumman Subcontzactors. 
This e f f o r t  w i l l  inclcde seve ra l  face ts :  

1. Scrape 
2. Requzrements Review ?&%gram 
3. Redesign and Reconfiguat ion 

Determriiiiaticjn of the a p p l i c a b i l i t y  of the above 
f ace t s  t o  individual  componerits can ozly be detem-ined 
by a thorough review of t.he items, and t h e i r  degree 
of development. 

Scrape consis:s of t he  review of d e t a i l  drawings 
t o  l i t e r a l l y  reduce the p a r t s  t o  a minimum weight design. 
In some cases it a l s o  i rc ludes minor reconfiguration and 
redesign, bnt t h i s  e f f o r t  is  l imited t o  Gmunman responsi- 
b i l i t y  changes which do not  v i o l a t e  the  LEM Specification. 
Grumman has al ready embarked on t h i s  phase of the  SWIP 
Program. The personnel l i s t e d  on Table 7 have been 
devoting the  majority of t h e i r  t i m e  reviewing LEM drawings 
with the  a i d  of the cognizant subsystem engineers. This 
e f f o r t  has I n c l d e d  szbcostractor equipnent crew ftrr,ish- 
ings and s t ruc ture .  Some exanlpies of items eithei-  f n  
review or which have been reviewed are l i s t e d  o ~ i  Pages 
36 through 39. 

Requirements review w i l l  require  a thorough evalua- 
t i o n  of a l l  c r i t i c a l  design requiretrients a t  a l l  l eve ls .  
These l eve l s  w i l l  include both Gr;unman generated require- 
meets and NASA imposed requirements. The purpose of t h i s  
review will be t o  determine which requirements can be 
reduced, arid the associated weight savings. A l l  proposed 
changes t o  NASA imposed requirements w i l l  be snbmitted 
f o r  NAL% evaluation. Those changes which are approved 
w i l l  then be implemented a f t e r  r ece ip t  of an engineering 
change proposal. 

Redesign and reconf igura t io i  w i l l  be hacdled i n  
the  same manner as requirements changes. 

G R U M M A N  AlRCRAfT  E N G I N E E R I N G  C O R P O R A T I O N  



D. Conchs ion 

The weight problem has mt  _i_mprcved despi te  
our bes t  efforts since Novexhz 1964, 
actio--, is required ?1%72 d 

Further 

The weight reduetion plaE ( S E F )  out l ined  above 
vas e f f ec t ive  befo-e and it cen be e f f e c t i v e  f o r  the 
LED4 - i f  IvEC and G A X  both ?.ikxle5earteZUy support it. 

G I U M M A N A I I C  L A F 'I E r.1 G I N E E R I N G C 0 R P 0 I A 1 I O  N 
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COMPARISON OF LEN PROPELLANT REQUIFEDENTS FOR ASCENT 
FROM THE LUNAR SURFACE AND FOR ABORT FROM NEAR TOUCHDOWN 

The AV budget for ascent from the  lunar  surface is  
6586 f t / s ec .  
when the  LEN i s  near touchdown i s  6400 f t / sec .  Parking o r b i t  
techniques a re  required. It i s  assumed t h a t  the PNGCS i s  
used and t h a t  there  i s  no assis tance from the  descent engine. 
The AV f igure  of 6400 f t / s e c  appl ies  only t o  aborts  with 
f u l l y  opera t iona l  ascent  p r o p l s i o n  and RCS. 
a re  s t a t e d  i n  reference 10. Following i s  a comparison of the  
abort  AV breakdown (reference 10 ) with the  AV budget 
( reference 6 ) 

From reference 10 , the  required AV f o r  abort  

Other assumptions 

ABORT BUDGET 
M I S S I O N  PHASE AV(ft/sec) AV(ft /sec)  

Boost to 50,000 f t .  6041 6001 

75 Midcourse Corrections 75 
EecCie Y"rC'Lz L U V  3 3U 

25 Docking 25 

Totals 6400 6 586 

Transfer/& Plane Change 159 149 
7 I h  i nn 

- - 

The determination of whether ascent from the  surface 
or abort  i s  c r i t i c a l  for propel lant  reqiiirevilent,s rlPp=nrls iqmn 
the  d i f fe rence  between the  weights of the  LEM ascent s tage i n  
the  two caseso Since the  AV for abor t  i s  l e s s ,  t h i s  case is  
not  c r i t i c a l  except f o r  ascent s tage weights i n  excess of 
some amount more than the  l m a r  launch weight. This amount 
i s  about 200 pounds. For example, i f  t he  ascent  s tage weight 
near touchdown w a s  10,750 pounds and the  expected lunar  weight 
w a s  10,500 pounds (based on 250 pounds of i n e r t  weight j e t t i -  
soned on the  sur face)  t he  abort  case would require  more 
propel lant .  Eiut i f  the former weight were 10,650 pounds with 
an expected lunar  launch weight of l O , 5 O O  pounds, the  ascent 
from the surface would require  more propel lan to  Currently, 
the  j e t t i soned  weight i s  less than 200 pounds, so the  lunar  
launch case is  c r i t i c a l .  

REPORT LED-490-23 
DATE 1 August 1965 
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Bbld 

Description 

Prelaunch (Launch Vehicle f i e l i n g )  

Launch 

Earth Parking Orbit 

Pramlunar Inject ion 

kanslunar  Coast- Prior t o  
Transposition 

-During TranspositYon 

-Subsequent t o  Transposition 

lunar Orbit- Insertion 

kcas% aioi. to ,&&&-tion 

- Clie ckout 
---- ----- 
, ~ S I  Separation and Insertion t o  
Descent Transfer Orbit 

:oast i n  Descent Transfer Orbit 

--- 

'owered Descent (& Hover) 

----------- ;mar Staytime 

- - - - - -  ----- 'owered Ascent 

'arking Orbit Contingency * 
oast izg Ascent Transfer 

iende zvous 

locking 

rew Transfer 

o m n t  LEM Time 
ictive LEM Time 

EPORTING MISSION 
ELAPSED TIME 

FROM 
EARTH LAUNCH 
F 

Hours 
-10 

0 

- 

3 

3 

3 

3 

64 

64 

55 

68 

6E 

69 

69 
LO4 

LO4 

- 

-05 

LO5 

LO5 

LO5 - 

Minute€ 
. o  

0 

12 

1 '  

6 

21 

5 1  

1 5  

21 

47 

4 

24 

22 

32 

17 
24 

11 

19 

34 

44 

3EPORTING MISS10 
(Day Landing) 
_. For Loading 

l2zs  
Hours 

10 

2 

60 

1 

2 

34 

'ost-SeDaration LEM Time 
Atal LEN Period 
- Descent Period - 1 Hour 28 Minutes 

**Ascent Period - 1 Hour 27 Minutes 
**The Design Reference Mission (DRM) does not appear to  have any 

=d:x - 

i' 
__ 

~ ~ 

12 

49 

5 

1 5  

30 

24 

6 

26 

17 

20 

58 

10 

45 

7 

47 

8 

15  
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LEM CURmNT WEIGHT MISSION HISTORY BY s u a  

MISSION PHASE AND 
CONSUMAELE DESCRIPTION 

EARTH LAUNCH AND 
TRANSLUNAR INJECTION 

Crew and Equipment 
RCS - Checkout Propellant 
ECS - Umbilical Hardware 

- Oxygen - SOX 
- Water 

S c i e n t i f i c  Equipment ‘ 

Corn - TV Camera 

SEPARATION 

- -  water and Oxygen 
Descent AV Propellant 

- Main 
- RCS 

RCS-Attitude 

LUNAR TOUCHDOWN 
S c i e n t i f i c  Samples & Equip. 
Je t t i soned  on Lurain 
RCS - Checkout Propellant 

LUNAR LIFT-OFF 
ECS - GOX 

- Water 

- blain 
- RCS 

A s  cent  A V Propellant 

RCS-Attitude PropelLant 

ERTRNOUT ( D ~ C K I N G )  

i::CE: S[G:LE) 
dEIGHT WEIGHT 

AV-PROPEL1 

4805.2 5037.5 

+526.5 
-4.4 
-1.0 

+80.0 
+8.8 

5415.1 5037.5 

I 

-104 1 
-4.4 

5180.4 5021 4 
-.8 

-25.0 

-4739.8 
-281.6 

-26.1 

5128.5 

ZSCENT STAGE TOTAL 
WEIGHT DRY AV-PROPELL , 

WEIGHT 
( L I S )  (LES) (LBS) 

4934.1 172800 5 32057.3 

-10.8 

4692. i 
-170.0 

-4722.1: 

10201. IT 

5128.5 

REPORT LED-49C-23 
_ I - .  DATE 1 August 1965 ’ ‘i 
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Table 5 

LEM WEIGHT COMPARISON 
AT SEPARATION BY STAGES 

Subsys tem Item - 7/1/65 Current 
Weight Weight Weight 

A. Ascent Stage Weight at Separation 10061.1 10452 6 +391 n 5 I 
1.0 
2.0 
3.0 
4.0 

6 * 0  
7.0 

5.0 

8.0 
90 0 

i n  n 
I". " 

11.0 
12.0 

Structure 1212.5 
Stabilization and Control 74.8 
Navigation and Guidance 282.0 
Crew Provisions 716.1 
Environmental Control 3360 3 
Landing Gear -- 
Instrumentation - Operational 189.4 

- Scientific 80.0 
Electrical Power Supply 737.6 
Propulsion System (5264.3) 

Propulsion Inert 559.9 
Propellant ( Includes 126.4# trapped) 4704.4 

w n o n + ;  hn n n n + - n 7  f Q c c  7 

Propulsion Inert 311- 9 
Propellant (Includes 38. s# trapped) 543.2 

Controls and Displays 207 4 

\ ~ J J o . L /  I k L U L  U l V I l  " V A L  U I  V I  

Communications 105.6 

1326.4 

288.5 
86.5 

716 1 
385.5 

80.0 

-- 
20108 

569.0 
4866.2 
fQl,n i 1 \ WLTW. I) 

305.1 
535.0 
112.3 
213.1 

+113 0 9 
+11.7 

+6.5 
0 

+49- 2 

+12.4 
0 

+29* 5 
(+170- 9)  

+go 1 
+161.8 

-6.8 
-8.2 
+6.7 
+5* 7 

-- 

f ~r n\  
( - J - J = w l  

+966 - 9 Descent Stage Weight at Separation 21235.4 22202.3 i I 
1.0 
2" 0 
3.0 
4.0 
5.0 
6.0 
7.0 

8.0 
9.0 

11.0 

Structure 1322.5 
Stabilization and Control 14.2 
Navigation and Guidance 36.0 
Crew Provisions 20.0 
Environmental Control 331- 7 
Landing Gear 560.0 
Instrumentation - Operational 5.0 - Scientific 170.0 
Electrical Power Supply 659.8 

Propulsion Inert 1105.8 
Propulsion Sys tem (18102.1) 

Propellant (Includes 455.1# trapped) 16996.3 
Communications (Portable) 14,1 

1499.2 
15.4 
37.3 
20.0 

331- 7 
531.1 

5.0 
170.0 
656.4 

(18920.6 ) 
1185.0 

15.6 
1773 5 0 6 

+176.7 
+lo 2 
+1.3 

0 
c 

-28.9 
0 
0 

-3.4 
(+818.5) 

+79 2 
+739- 3 

+1.5 

Total Separation Weight (A & B) 31296.5 32654.9 +1358.4 
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GOVERNMENT FURNISHED EQUIPMENT 

The only changes i n  Government Furnished Equipment 
s ince  the previous r epor t ,  r e f ,  8, involves the 
s tag ing  of equipment. 

At .  MSC d i rec t ion ,  see r e f ,  7, one of the PLSS u n i t s  
i s  stowed on the L E M  a t  Earth bunch. Also a PLSS u n i t  
i s  considered j e t t i soned  onto the  lunar  surface p r i o r  t o  
lunar  launch, 

The camera and t r ipod  i s  not  considered aboard the  
LEM a t  Earth Launch but  i s  t r ans fe r r ed  from the  CSM 
t o  the  LEN p r i o r  t o  Separation. 

Another Governnent Furnished Equipment l i s t  w i l l  be 
published i n  the LID4 Mass Property Report when a complete 
enumeration of Government Furnished Equipment including 
st,aging data  i s  o f f i c i a l l y  received fron? NSC. 

FORM G328 REV 1 8-64 LED-490-23 
DATE 1 August 1965 
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Fiaure 5 

LE?4 ALLOWABLE STAGE WEIGH" APPORTIONMENT 
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Table 6 
LEM WEIGHT UNCERTAINTIES 
BY SUBSYSTEM AT SEPARATION 

- MIN . CURRENT MAXIMUM SUESYSTEM 

Ascent Stage 

Descent 

Structure 
Stabilization & Control 
Navigation & Guidance 
Crew Provision 
ECS 
Instrumentation 
Electrical Power Supply 
Propulsion 
RCS 
Comun i ca ti ons 
Controls & Displays 

Inert Stage Total: 
Propellant Total - Main 

- RCS 
STAGE TOTAL: 

Stage 
Stm-llc tu re  
Stabilization & Control 
Navigation & Guidance 
Crew Provision 
ECS 
Landing Gear 
Instrunentation 
EPS 
Propulsion 
Communication 

1246 
81 

229 
. 709 

375 . 
282' 
734 
0 58 
494 
112 
213 

1326 
87 

289 
716 
385 
282 
76 7 
695 
542 
112 
213 

1389 
7 5  
37 
20 

333 
421 
175 
6 57 

1589 
16 

1501 
94 

295 
772 
412 
282 
807 
730 
542 
112 
213 

5 
5070 

2n2  

11133 
d " J  - 

1499 
15 

37 
PO 

333 
531. 
175 
657 

1640 

. -, 

16 

16 14 

37 
20 

333 
531 
175 
662 

2046 
16 

1 K  
-1 

4652 4923 5449 
16379 
21031 22203 w 

Inert Stage Total - EL 
Propellant - Useable 17280 18647 - - 

STAGE TOTAL: 

LEM SEPARATION WEIGHT: 30959 32654 35229 

Report LED-490-23 
Date 1 August 1965 



SUBSYSTEM CHANGE 

Table 6a 
DERIVATION OF LEM MINIMUM WEIGHT 

Struc ture  
Revision of L.G. design envelope 
Redesign of thermal shielding 
Base hea t  sh ie ld  redesign 
Swage end f i t t i n g s  - t russes  
Laminated windows VS. separate panes 

S tab i l i za t ion  & Control 
ASA weight reduction 
AEA weight reduction 

Navigation & Guidance 
S t a r  t racker  vs. rendezvous radar  

Environmental Control 
Redesign of ARS ' 

Revision of landing velocity envelope 
MZlterigl s ~ b s t i t i i t i o n  (Ti f o r  AI) 

Reaction Control 
Change O/F from 2.0 t o  1.3 
Delete pressurizat ion sys. redundancy 
Reduce H e  b o t t l e  s a fe ty  fac tor  (2/1.5) 
Reduction i n  maneuvering requirements 

. 

Crew Provisions 
Redesign of armrests 

E l e c t r i c a l  Power 
Review of w i r e  harnesses 
Review & rev ise  requirements of l i g h t i n g  

Inverter weight reduction 
Elimination of 24 - 30 c i r c u i t  breakers 

cont ro l  assembly 

STAGE - 
ASCENT DESCENT 

(-a@ - 10 
- 50 

-15 
-5 

(-6.0) 
-1.5 
-4.5 

( -60)  
-60 

(-10) 
-10 

(-48) 
? - 12 

-6 
-30 * 

(-7) 
-7 

(-33) 
-20 

-a 
-3 
-2 

(-110) 
- 20 - 40 - 50 

(-110) 
- 80 
-30 

Report LED-490-23 
Date 1 August 1965 
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mble 6a 
DERIYATION OF LEN MINIMUM WEIGHT 

SUBSYSTEM CHANGE 

Propulsion 
Ascent SHe vs. arnbient 
Helium Pressure Decay 
Delete propellant quantity gaging 
C h e m - m i l l  plumbing 

I n e r t  To t a l  : 

STAGE - 
ASCENT 

(-37) 
-35 

-2 

-281 

Effective Weight A t  Separation: - STAGE ' 1117 

- TOTAL 
* Descent Propellant 

DESCENT 

( - 5 1 )  

-21 
-30 

- 
-271 

578 

1695 

Report LED-490-23 
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Table 6b 
DERIVATION OF LE51 MAXIMUM WEIGHTS 

SUBSYSTEM CHANGE 

1. S t m c  tu re  
Revision of  c r i t i c a l  Landing 
condition. 
Thermal shielding. 
Base heat  shield.  
In t e r io r  painting. 
Drogue - docking. 
Windows - addi t ional  thickness 

Sealant 
Bulkhead and mach. tolerance 
C h e m - m i l l  tolerance 

(.1 t o  .16) 

2. S tab i l iza t ion  and Control 
Ret ic le  - landing a i d  

3. Navigation and Guidance 
Tanding m&~r - antenna 
W E  plume ef fec ts .  

4. Crew Provisions 
EVTD. 
APLSS . 
Tool box and tools.  
Tracking l igh t .  
Target . 
AOT cover (guard). 

ASCENT 

+30 
+60 

+20 
+6 

+14 
+I5  
+20 
+10 

(7) 
+7 

+6 

(56) 
+li! 
+20 
+10 
.+7 
+4 
+3 

5. Environmental kontrol (27) 
Second water boi le r  and res iz ing  
fo r  100" maximum bat te ry  temperature +27 

60 E l e c t r i c a l  Power Supply 
Wiring 

7. Propulsion 
Engine 
Ambient helium. 
Unuseable propellant. 

(40) 
+40 

(35) 
+5 

+30 

Inert Total: +346 . 
Effective Weight 
a t  Separat Ion : - STAGE: 1453 

- TOTAL: 2575 

STAGE - 
DESCENT 

+25 
+40 
+ 50 

( 5 )  
+5 

( 406 1 
+30 

+336 
+40 

+ 526 

u.22 
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TOTAL F-111B TOTAL GRUMMAN TASK 
WEIGHT ENPIY c(APPR0X. 30% . OF 

TOTAL F-111B WEIGHT - EMPTY) 

PROBLEM 
Even after the WIP (Weight Improvement 
Program) phase the predicted overweight 
as of Jan. 1964 f o r  Navy Airplane a t  
f irst  f l i g h t  i n  May 1965 WBB - 
and current overweight a t  that  time wa8 __c 

+8000 
+2400 

SOLUTION 
-(Super We i gh t  Improvement Program) 

Ini t ia ted Feb. 1964 
study Fnase curriphtrd ir; ,TG>~ 1 g 4  
SWIP drawing releases started i n  Jan. 1965 

EFFECTS 
Total Weight of WIP i t e m  considered -3.i 500 

Total Weight of SWIP i t e m  evaluated t o  
be technical ly  feas ib le  -8534 

Total Weight of SWIP items approved f o r  
incorporation in to  Design (based on 
consideration of the t o t a l  impact t o  
Program) -4644 

Total r e su l t i ng  SWIP Weight Savings -3327 
accomplished (baeed on approximately 80$1 
releaeed drawlnge and 2% layouts) 

+3600 
+6 00 

- 210c 

-1550 

-1369 

-1057 
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, WT. OF ITEMS INVOLVED 

Table 10 

INERT WT. 

F - l I l B  (GRUMMAN 'llASK) 

WT. SAVINGS 
m To S I P .  

PRESWIP WT. #/n 

DlSTRIWJTION OF WEIGHT§ AND SWIP SAVINGS 

A. 

B e  

c. 

D e  

E. 

Inhouse Items 

CFE Item (Vendor) 

GFE Items 

GFE (Tr8neferred 
from Module lnclud- 
ing -4 

Ekpenhblee (other 
then 6 V  Propellen) 

1097 -994 -9.1 4846 

16 8 -44 -26.2 3069 

2363 -19 -0e8 544 

Report LED-490-23 
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Table 11 

ARS (ATMOSPHERE: FU3VITALIZATION SYSTEM1 

CURRENT WIGHT SUMMARY 

SYSTEM COMPONENTS 

TNS'TRUMENTATION ( G R W N  &. HAMILmN STANDARD) 

WIRING, CONNECMRS, ETC. 

- - SUPPORT TRUSS AND FRAME 

. - - BRACKETS, EQUIPMENT SUPPORT F I T T I N G S ,  ETC. 

3.0 

m 

28.1 

20.7 

( 48.8) 

TOTAL A R S  WEIGHT = 136.8 

R e p o r t  LED-490-23 
Date 1 August 1965 
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Table 12 

(ABORT GUIMNCE SYSTEM) 
VENDOR - TRW (STL) 

AEA (ABORT EUCTRONIC ASSEMBLY) 

ASA (ABORT SENSOR ASSEMSLY) 

UEDA (DATA ENTRY DISPLAY A3SmBZ;Y) 

VENDORS GRUMMAN ESWELISHED 
CURRENT WT. SAVINGS MAX. NEGO'TTAELE 
WEIGHT TO RE INCORP. SPEC. WEIGHT 

35.3 -3.6 31- 7 

20.4 -1.5 18.9 

10.7 -1.7 3. c! 

66.4 -6.8 59.6 

Repar t LED-490-23 
Date 1 August 1965 
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1. 

2. 

3. 

4 I .  

5. 

6- 

7 .  

8, 

9. 

10 c 

11.0 

1 2 s  

13 * 

14 

1-5 8 

16 
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